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ABSTRACT

Grassland bird populations have been undergoing dramatic declines in the last
fifty years due to loss and degradation of habitat. The Conservation Reserve
Enhancement Program (CREP) was initiated in the upper Green River Watershed of
south-central Kentucky to improve water quality and provide wildlife habitat. Many
studies have previously examined how similar programs in other states have contributed
to grassland bird populations; in this study we are examining how the Kentucky CREP
program is influencing bird populations, particularly grassland birds, and contributing to
the conservation of these species. Bird and vegetation surveys were conducted during the
summer of 2008 and the winter of 2011 and analyzed to assess the impacts of CREP
native grass plantings on breeding and wintering bird populations. We found that CREP
fields contained a higher species richness and abundance of birds than did fescuedominated pasture fields in both summer and winter, and provided significantly better
habitat for many species as well, including one declining species of conservation concern.
This study shows that the Green River CREP program is positively contributing to
grassland and generalist bird populations in Kentucky and may help to reverse population
declines of a declining bird species, Henslow’s Sparrows.

Keywords: CREP, Grassland Birds, Henslow’s Sparrow, Pastures, Green River,
Conservation
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CHAPTER 1

INTRODUCTION

Population trends obtained from the North American Breeding Bird Survey show
that neotropical migrant birds have been undergoing a dramatic decline in population
since the 1970s (Robbins et al. 1989). Neotropical migrant birds are those bird species
which nest in North America and migrate to the neotropics for the non-breeding season.
Of the many neotropical migrant birds which nest in the United States, species nesting in
grasslands have undergone some of the largest population declines in the last fifty years
(Knopf 1992, Johnson and Schwartz 1993, Herkert 1995, Delisle and Savidge 1997,
Peterjohn and Sauer 1999). According to Knopf (1992), grassland bird species underwent
an overall decline of 25 to 65% between the years 1980 and 1989. This can be attributed
to a loss of native prairie across the extent of its range in North America since European
settlement. This decline has been especially dramatic in some areas as demonstrated by a
99% decline of tallgrass prairie over most of its range (Samson and Knopf 1994, Rich et
al. 2004). Overall, grassland environments have declined by approximately 80% in the
United States and Canada (Knopf 1994, Noss et al. 1995). The decline of grassland
ecosystems has been attributed to several differing factors, one major factor being the
conversion of large areas of native prairie to large-scale agriculture (Johnson

1

and Schwartz 1993, Klute et al. 1997). Brennan and Kuvlesky (2005) list fragmentation,
the deterioration of rangeland, and afforestation, the succession of grassland to forest in
the absence of disturbances, as major causes in the decline of grassland ecosystems and
birds associated with those ecosystems. Afforestation is a particularly important cause of
grassland bird declines in the east due to the fragmented distribution of grassland and
early successional habitats (Brennan and Kuvlesky, Jr. 2005).
In Kentucky, a region of grasslands called the “Big Barrens” once covered
approximately 13,000 to 15,500 square kilometers of the central part of the state
(McInteer 1946). The barrens covered a large part of the Highland Rim or Mississippian
Plateau physiogeographic region of Kentucky and were found predominantly on soils
occurring over limestone bedrock (McInteer 1946, Mengel 1965). The predominant
theory of how the barrens region came to occur in Kentucky is that they were created by
Native Americans through burning beginning approximately 3,000 to 4,000 years ago
(Baskin et al. 1994). Baskin et al. (1994) propose the idea that the Kentucky barrens are
not an extension of the Midwestern tallgrass prairie. This idea is supported by the
Kentucky barrens occuring in a climate conducive to the growth of forests, the soils
occurring in the area originated in a forested environment, upon the ending of humancaused disturbance activities (i.e. burning by Native Americans or agricultural use),
forests quickly come to dominate the plant communities, and the lack of plant and
mammal species typically associated with Midwestern tallgrass prairie ecosystems.
Because of the rich nature of the soils located in the barrens, the vast majority of the area
was converted to agriculture, and through fire suppression, the remaining was allowed to
succeed into forest. Today less than 12,000 acres of native grassland vegetation occur in
2

Kentucky, and the vegetation type is restricted to small, isolated fragments which are
unable to support grassland-dependent bird species which historically nested in the state
(Barnes 2002). Grassland bird species predominated in these communities and included
species such as Greater Prairie-Chickens (Tympanuchus cupido) which are now
extirpated from the state, Northern Harriers (Circus cyaneus), Henslow’s Sparrows
(Ammodramus henslowi), Dickcissels (Spiza Americana), and possibly Upland
Sandpipers (Bartramia longicauda) (Mengel 1965). Because of the declining populations
of grassland birds and continuing loss in both area and quality of grasslands in Kentucky
and throughout North America, conservation and management actions are needed to
insure that many of these species do not decline to dangerously low population levels. In
Kentucky, Henslow’s Sparrows are a species that need immediate conservation action,
while Grasshopper Sparrows (Ammodramus savannarum) and Dickcissels require
management to help reverse the declining population trends for these species (Rich et al.
2004). One federal program which has the possibility to help reverse the population
declines for many grassland bird species is the US Department of Agriculture’s
Conservation Reserve Enhancement Program.
The Conservation Reserve Enhancement Program (CREP) is a program based on
the Conservation Reserve Program (CRP) and was developed to work in a similar
manner. The CRP was introduced by the Food Security Act of 1985 and is administered
by the USDA with assistance from the Natural Resources Conservation Service (NRCS).
The main goals of this program are to improve water quality, reduce erosion, and increase
habitat for both game and non-game animals by paying landowners to take
environmentally sensitive land out of agricultural use and plant it in vegetation such as
3

native grasses or trees (Blank and Gill 2006). In Kentucky, the CREP program was
implemented in 2001 to help improve water quality and protect many unique and
endangered species found within the upper Green River watershed. Originally the Green
River CREP was designed to protect 100,000 acres along the upper stretches of the Green
River (all or parts of Adair, Barren, Edmonson, Green, Hart, Metcalfe, Russell, and
Taylor counties) through Mammoth Cave National Park but was expanded in 2007 to
help protect stretches of the watershed downstream of the park to the confluence of the
Green and Barren Rivers (all or parts of Allen, Barren, Butler, Edmonson, Grayson,
Logan, Simpson, and Warren Counties; Figure 1) as well as allow for buffers to be
planted around karst sinkholes and smaller order streams (Kentucky Division of
Conservation 2010). According to the Kentucky Green River CREP Annual Program
Accomplishment Report (Kentucky Division of Conservation 2010) published in 2010,
100,991.7 acres were at that time enrolled in the CREP program, slightly surpassing the
original goal of 100,000 acres. As stated in that report, the goals of the Green River
CREP “include (a) ten percent reduction of sediment, nutrients, and pesticides entering
the river and its tributaries from agricultural sources, (b) enhancement of aquatic and
riparian habitat, (c) enhancement of aquatic wildlife populations habitat, (d) restoration of
riparian habitat corridors, (e) reconnection of landscape-level ecological processes, (f)
establishment of riparian buffers around sinkholes, (g) restoration of non-riparian
wetlands, and (h) protection and restoration of subterranean ecosystems.” Part of
fulfilling the goal of restoring habitat and providing buffers in sensitive areas has been to
take land out of pasturage and plant it in native grasses and forbs. This type of planting
provides habitat that is somewhat similar to the native tallgrass prairie that existed in the
4

area prior to European settlement and makes up approximately 4% of the overall CREP
acreage enrolled in Kentucky (Kentucky Division of Conservation 2010). A considerable
amount of research has been done across the country to determine whether or not both
CRP and CREP native grass plantings provide viable habitat for grassland bird species
and whether there is a significant difference in avian use of these fields compared to
avian use of agricultural fields. The majority of the previous research on these fields has
focused on the CRP program with at least 64 articles being published by 2008 (Wilson
2009). Considerably fewer studies have focused on the CREP program with Blank and
Gill (2006) being a major study focusing on CREP grassland buffers in Maryland.
A large number of studies have been undertaken in the Great Plains, the Midwest,
and to a lesser extent the east to examine the effects that CRP and CREP plantings have
on breeding bird populations. A number of these studies have focused on comparing CRP
(Patterson and Best 1996, Best et al. 1997) and CREP (Blank and Gill 2006) plantings to
agricultural fields (row crop and pasture) and have found that conservation plantings have
a higher density and much greater abundance of birds than do agricultural fields. The
relationship between avian species richness and native grass versus agricultural fields has
been ambiguous, with some studies (Klute et al. 1996, Blank and Gill 2006) finding a
higher species richness in native grass plantings, and others (Patterson and Best 1996,
Best et al. 1997) finding no significant difference between field types. Patterson and Best
(1996) and Best et al. (1997) have also shown that CRP and CREP plantings have both a
higher number of nesting bird species and density of nests than do row crop agricultural
fields. Though some studies have found no significant difference among species richness
between CRP/CREP plantings and agricultural fields, most studies have shown that each
5

field type provides habitat for certain groups of bird species. Klute et al. (1996),
Patterson and Best (1996), and Best et al.(1997) found that CRP plantings provide better
habitat for a larger group of bird species because certain species were much more
abundant in CRP fields than they were in row crop fields. In addition, Johnson and
Schwartz (1994) found that CRP plantings in the northern Great Plains had an abundance
of declining grassland dependent bird species. Klute et al. (1996) found that while CRP
plantings provide habitat for a larger number of bird species, pastures provide better
habitat for a small suite of grassland bird species which included Dickcissels,
Grasshopper Sparrows, and Eastern Meadowlarks. Studies examining winter bird
populations in CRP/CREP fields have been limited (Best et al. 1998, Littlefield and
Johnson 2005, Blank and Gill 2006) and only two have focused on the complete bird
communities of these fields. Both Best et al. (1998) and Blank and Gill (2006) found no
significant difference in either bird density or species richness between CRP/CREP
plantings and row crop agricultural fields during the winter. These two studies did find
that CRP/CREP plantings had a greater number of grassland dependent species than did
row crop fields showing that conservation plantings are able to provide habitat for
grassland bird species in both summer and winter.
Most studies looking at population trends in grassland birds over large scales have
found CRP/CREP plantings to have little effect on slowing overall population declines.
Studies looking at population trends for grassland birds at the state and regional level
have found that CRP/CREP plantings have little to no impact at this scale (Murphy
2003), although a study in Pennsylvania found that areas with a higher amount of land
enrolled in the CRP program tended to have population declines of grassland birds lower
6

than that of areas without a significant amount of land enrolled in the CRP program
(Wilson 2009). Contrary to many studies, Veech (2006) found that, using 20 years of
data from the North American Breeding Bird Survey, areas with increasing population
trends tended to be areas where restored grasslands (including CRP plantings) were
present in the Great Plains and Midwest. At the continent or entire population level,
grassland dependent birds have continued to decline, even after the inception of the
CRP/CREP programs (Sauer et al. 2008). According to Wilson (2009), areas with large
amounts of land enrolled in either the CRP or CREP programs, such as the Midwest and
the Great Plains, are areas that tend to show slightly positive effects of these programs on
reversing grassland bird declines. Even though the CRP/CREP programs seem to have
very little effect on large-scale population trends of grassland birds, there is evidence that
these programs are contributing to local increases in grassland bird populations and
increases in declining species such as Henslow’s Sparrows (Herkert 2007a).
In this study we hope to determine whether Kentucky’s Green River Conservation
Reserve Enhancement Program is meeting its goal of providing valuable wildlife habitat
by assessing its impacts on avian abundance and community composition. We
specifically want to look at the relationship between the occurrence of individual species
and abundance in relation to field use, as well as species richness between CREP and
pasture/hayfields. We hypothesize that avian species richness will be different between
CREP native grass plantings and pasture/hayfields and that they will provide habitat for
different groups of bird species due to differences in habitat heterogeneity and plant
species composition between the field types. We will also look at the correlation between
bird species and field vegetation characteristics including maximum height, vertical stem
7

density at different scales, the proportion of exposed ground, and the proportion of litter
and dead vegetation present in the fields. For the summer analysis we hypothesize that
early successional species (i.e. Henslow’s Sparrow, Indigo Bunting, Common
Yellowthroat, Field Sparrows, etc.) will be associated with tall (greater than 75 cm) stem
density and highest point while species favoring shorter grasses (i.e. Eastern
Meadowlark) will be associated with bare ground and short grass density. For the winter
analysis we hypothesize that sparrow abundance will be related to the height of the
highest stem in each plot.
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CHAPTER 2

METHODS

Study Sites
Study Sites were located in Barren, Green, and Hart Counties, all of which are
located in the upper Green River Watershed of south-central Kentucky. CREP fields and
pasture/hayfields were paired with one of each field type being located on a single
landowner’s property. Eight sites (paired CREP field and pasture/hayfield) were located
in riparian areas along the Green River and two sites were located in karst upland areas of
the Green River watershed for the summer 2008 surveys. Six sites were located in
riparian areas and two sites were located in karst upland areas for the winter 2011
surveys. For the summer 2008 surveys, one CREP field in Hart County had to be paired
with a pasture on a nearby farm. For the winter 2011 surveys, one CREP field in Barren
County had to be paired with a pasture field on a nearby farm. Twelve CREP fields
paired with twelve pasture/hayfields were sampled for the summer 2008 season while
eight CREP fields paired with eight pasture/hayfields were sampled for the winter 2011
season. Only 11 pasture/hayfields were used for the summer 2008 vegetation analysis due
to the drastically different nature of one field in vegetation characteristics.
CREP fields consisted of fields planted in native warm season grasses with some
forbs within the mixes. Dominant grasses present in the mixes included Indiangrass
9

(Sorghastrum nutans), big bluestem (Andropogon gerardii), and switchgrass (Panicum
virgatum). Forbs included in the mixes included purple coneflower (Echinacea
purpurea), black-eyed susan (Rudbeckia hirsuta), partridge pea (Chamaechrista
fasciculata), and Korean lespedeza (Lespedeza stipulacea). Some CREP fields were stripmowed prior to being surveyed. Well-established CREP fields (generally greater than
four years old) dominated by planted species and possessing a well-developed litter layer
were used for this study. Three CREP fields for the summer 2008 surveys and three
CREP fields for the 2011 winter surveys were less than four years old but still possessed
a well-developed stand of native grasses and forbs in addition to a well-developed litter
layer.
Pastures were either used for grazing (cattle and horses) or as hay fields. Fescue
(Festuca sp.) was the dominant plant species growing in pasture fields. Pastures were
generally not mowed during the summer surveys and were mowed prior to being
surveyed in the winter. All fields surveyed in the winter of 2011 had been mowed except
for one which was dominated by moderately tall broomsedge (Andropogon virginicus)
and Rubus species.
Bird Surveys
Fields were surveyed for birds during the summer of 2008 (late-May to July) and
the winter of 2011 (January to February). Summer bird surveys were conducted from
sunrise to within an hour of noon. Winter bird surveys were conducted between an hour
after sunrise and an hour before sunset. Surveys were not conducted in inclement weather
(i.e. rain, snow, and high winds). Due to time constraints, fields were surveyed only once
for each season.
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Bird surveys were conducted by counting birds seen or heard while walking
transects along the length of each field. Depending on the size of the field, multiple
transects were used to completely survey the entire area of the field. Frequent stops
(approximately every 50 m) were made along transects to insure that the fields were
thoroughly surveyed. Birds seen on the edge of the field and flying over the field were
counted but not included in the analyses. Birds seen feeding over the field (i.e. swallows
and swifts) were included in the summer analyses. Birds recorded using the fields are
listed in Tables 1 through 4.
Vegetation Surveys
Vegetation characteristics were sampled on the day of or shortly after fields were
surveyed for birds. Vegetation sampling was avoided if any substantial (total coverage
greater than 25 percent of m2 plot) snow cover was present on the fields. Vegetation was
sampled along two transects: one along each axis of the field. Transects were located at
the mid-point of the two sides and ran the length of the fields. Four plots were sampled
along each of the two transects with their positions being determined using a random
numbers table. Each plot consisted of a one meter square quadrat.
Percent cover of bare ground and percent cover of litter were visually estimated
based on the coverage in relation to the quadrat. Stems were counted if they were taller
than 0.25 meters in a 0.0625 square meter section of the quadrat, if they were taller than
0.75 meters in a 0.5625 square meter section of the quadrat, and if they were taller than
1.5 meters in the entire one meter square quadrat. Stems were only counted if they
originated in the section of the quadrat being surveyed. The height of the tallest stem was
also recorded for each plot.
11

Data Analysis
There was no significant difference between field size for CREP fields and
pasture/hayfields (Independent Samples t-Test, P < 0.05). Independent Samples t-Tests
were used in STATISTICA to assess differences between treatments (CREP and
pasture/hayfield) for bird species richness and individual bird species abundance.
Shannon’s equitability (EH) was used to calculate bird species evenness for CREP and
pasture/hayfields. EH = H/lnS where H represents the Shannon diversity index and S
represents avian species richness.
For tests looking at relationships between bird species and vegetation
characteristics, the bird data were rarified, with species found in less than three fields
being removed, and transformed using logarithmic transformations. Proportional
vegetation data (percent bare ground and percent lodging/litter) were transformed using
square root arcsine transformations. The median for the percent bare ground, percent
lodging/litter, and highest point parameters were taken for the eight plots in each field to
be used for analysis. The sum was taken for the stems over 25 cm, 75 cm, and 150 cm
vegetation parameters for the eight plots in each field. We used Redundancy Analysis
(RDA) in CANOCO to relate bird species presence with vegetation parameters for the
summer 2008 dataset. For the winter 2011 dataset, the relationships between bird species
abundance and vegetation parameters were examined using simple linear regressions in
STATISTICA.
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CHAPTER 3

RESULTS

Independent Samples t-Tests
For the summer 2008 bird surveys, four bird species were found to be
significantly more abundant in CREP fields than they were in pasture/hayfields using
Independent Samples t-Tests. These were Common Yellowthroats (Geothlypis trichas) (P
= 0.000134), Field Sparrows (Spizella pusilla) (P = 0.000697), Indigo Buntings
(Passerina cyanea) (P = 0.000172), and Henslow’s Sparrows (P = 0.010363). No species
were found to be significantly more abundant in pasture/hayfield sites for the summer
2008 surveys. Box and whisker plots for the four significant species can be found in
Figures 2 through 5.
For the winter 2011 bird surveys, two species were found to be significantly more
abundant in CREP fields than pasture/hayfields using Independent Samples t-Tests.
These were Song Sparrows (Melospiza melodia) (P = 0.00395) and Swamp Sparrows
(Melospiza georgiana) (P = 0.006896). No species were found to be significantly more
abundant in pasture/hayfields for the winter 2011 surveys. Box and whisker plots for the
two significant species can be found in Figures 6 and 7.
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Using an Independent Samples t-Test, CREP and pasture/hayfields were found to
differ significantly (P = 0.00001) in avian species richness for the summer 2008 surveys
with CREP sites having a cumulative total of fifteen bird species (ݔҧ = 5.333, SE =
0.619547) and pasture/hayfields having a cumulative total of nine species (ݔҧ = 1.083, SE
= 0.416667).
Using similar methods, CREP and pasture/hayfields were found to differ
significantly (P = 0.002395) in avian species richness for the winter 2011 surveys with
CREP having a cumulative total of five species (ݔҧ = 2.875, SE = 0.350382) and
pasture/hayfields having a cumulative total of four species (ݔҧ = 0.625, SE = 0.497763).
The total abundance of birds was greater in CREP fields than pasture/hayfields in
both summer and winter. For the summer surveys, CREP fields had a total abundance of
228 birds while pasture/hayfields had a total abundance of only 24 birds. For the winter
surveys, CREP fields had a total abundance of 325 birds while pasture/hayfields had a
total abundance of only 6 birds. Graphs of mean species richness and abundance of birds
for both summer and winter can be found in Figures 8 and 9.
Redundancy Analysis (RDA)
An RDA was performed to examine the relationship among species abundance
and the influence of environmental (vegetation) variables for the summer 2008 dataset.
Canonical axis one explained 38.1% (eigenvalue 0.381) of the variance in the bird dataset
and canonical axis two explained 5.1% (eigenvalue 0.051) of the variance in the bird
dataset. Together these two axes explain 43.2% (eigenvalue 0.432) of the variance in the
bird dataset which is 87.5% of the total variance explained by the relationship between
bird species abundance and vegetation parameters. Density of stems taller than 25 cm and
14

150 cm, the height of the highest stem in each plot, and the percent cover of lodging and
litter are all positively loaded on axis one, while the percent cover of bare ground and the
density of stems taller than 75 cm are negatively loaded on axis one. The percent cover of
bare ground, the density of stems over 25, 75, and 150 cm, and the height of the highest
stem in each plot are all positively loaded on canonical axis two while the percent cover
of lodging and litter is negatively loaded on axis two. Indigo Buntings, Common
Yellowthroats, Fields Sparrows, and Henslow’s Sparrows are all strongly positively
loaded on canonical axis one. Eastern Meadowlarks are the only species negatively
loaded on axis one. Eastern Meadowlarks, American Goldfinches, Chimney Swifts,
Purple Martins, and Barn Swallows are negatively loaded on axis two. Red-winged
Blackbirds are the only species strongly positively loaded on axis two. Percent cover of
lodging and litter explains 18% of the total variance (49%) explained by the relationship
between vegetation parameters and bird species abundance (P = 0.004). Percent cover of
lodging and litter, the density of stems over 25 cm, and the density of stems over 150 cm
explains 42% of the total 49% of variance explained by this relationship (P = 0.04).
Figure 10 shows the RDA biplot of bird species and environmental variables.
Simple Linear Regressions
For the winter 2011 dataset, simple linear regressions were used to examine the
relationship between species abundance and each environmental variable. An RDA was
not performed due to the small number of bird species observed in the sites relative to the
number of environmental variables. As was originally hypothesized, the height of the
highest stem in each plot was significantly correlated with sparrow abundance. Song
Sparrow abundance was significantly correlated with the highest point of each plot (Adj.
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R2 = 0.474137, Model df = 1, Residual df = 14, F = 14.52455, P = 0.001908) with a
regression line of Song Sparrow abundance = -0.2725 + 0.091*(Highest Point) (Figure
11). Swamp Sparrow abundance was significantly correlated with the highest point of
each plot (Adj. R2 = 0.447325, Model df = 1, Residual df = 14, F = 13.14075, P =
0.002758) with a regression line of Swamp Sparrow abundance = -0.2143 +
0.0083*(Highest Point) (Figure 12). Field Sparrow abundance was significantly
correlated with the highest point of each plot (Adj. R2 = 0.259428, Model df = 1,
Residual df = 14, F = 6.254615, P = 0.025421) with a regression line of Field Sparrow
abundance = -0.1675 + 0.0055*(Highest Point) (Figure 13). In addition to the
hypothesized relationship between highest point and sparrow abundance, there was also a
significant correlation between Song and Swamp Sparrow abundance and the density of
stems over 75 cm. Song Sparrow abundance was significantly correlated with the density
of stems over 75 cm (Adj. R2 = 0.487324, Model df = 1, Residual df = 14, F = 15.25826,
P = 0.001582) with a regression line of Song Sparrow abundance = 0.0903 +
0.0108*(Stems ≥ 75 cm) (Figure 14). Swamp Sparrow abundance was significantly
correlated with the density of stems over 75 cm (Adj. R2 = 0.458046, Model df = 1,
Residual df = 14, F = 13.6776, P = 0.002385) with a regression line of Swamp Sparrow
abundance = 0.1153 + 0.0098*(Stems ≥ 75 cm) (Figure 15).
Shannon’s Equability
Evenness was calculated for bird species in CREP and pasture/hayfields using
Shannon’s equability based on the Shannon diversity index for both summer and winter.
Evenness was higher in pasture/hayfields than in CREP fields for both summer and
winter with CREP fields having a value of 0.709 for the summer and 0.796 for the winter
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compared to 0.874 for the summer and 0.959 for the winter in pasture/hayfields. A graph
of evenness can be found in Figure 16.
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CHAPTER 4

DISCUSSION

CREP plantings had a significantly higher avian species richness and were
significantly more important for individual bird species during the summer than were
pastures and hayfields. The overall abundance of birds was greater in CREP than
pasture/hayfields as well. CREP plantings had a lower evenness of bird species than
pasture/hayfields which may largely be due to the small number of individuals found in
pasture/hayfields. These results are in agreement with other studies comparing
CRP/CREP and agricultural lands during the summer which found a higher abundance of
birds (Patterson and Best 1996, Best et al. 1997, Blank and Gill 2006) and species
richness (Klute et al. 1996, Blank and Gill 2006) in CRP/CREP fields. Habitat-based
avian guilds found in Blank and Gill (2006) place Common Yellowthroats and Field
Sparrows in a grassland-generalist guild and Indigo Buntings in a successional/shrub
guild. Henslow’s Sparrows are placed in a grassland-dependent guild due to their reliance
on undisturbed grassland sites (Herkert 2007b). CREP provided significantly better
habitat for grassland-generalist and early successional species as well as for one
grassland-dependent species of conservation concern. In contrast, no groups of bird
species were found significantly more often in pasture/hayfields. This is similar to the
study by Klute et al. (1997) in Kansas which found that CRP plantings provided habitat
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for a wider range of species, mostly generalist and early successional species, while
pastures provided habitat for a small group of grassland-dependent species which
included Grasshopper Sparrows and Eastern Meadowlarks.
Species such as Grasshopper Sparrows and Eastern Meadowlarks have a
preference for short grass fields such as those found in pastures and mown hayfields with
Grasshopper Sparrows preferring areas with moderate amounts of bare ground as well as
the presence of forbs and Eastern Meadowlarks preferring areas of thick, short grasses
(Wiens 1969, Baskett et al. 1980). Based on personal observations in the research area,
Grasshopper Sparrows and Eastern Meadowlarks tend to prefer areas of short grasses and
are found more often in pasture and hayfield sites in south-central Kentucky than in
CREP sites. There was probably no significant relationship found between Grasshopper
Sparrow and Eastern Meadowlark presence and pasture/hayfield sites with this study due
to the low population densities of these species in Kentucky and the small sample size
used for this study. The presence of un-mown fields would also have an impact on the
presence of these two species in the research area. If multiple years of data were used in
the analysis, there would likely be a similar relationship of Grasshopper Sparrows and
Eastern Meadowlarks to pasture/hayfields sites as that found by Klute et al. (1997) in
Kansas.
The presence of Henslow’s Sparrows in CREP fields supports the quality of these
fields for grassland bird conservation in Kentucky. Henslow’s Sparrows have undergone
a population decline of greater than 91% since 1966 (Sauer et al. 2008) and have been
listed by the United States Fish and Wildlife Service as a species of management
concern, one level below threatened. The global population of Henslow’s Sparrows is
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estimated by Rich et al. (2004) to be less than 100,000 individuals and this species is
listed as a species of conservation concern (threatened, endangered etc.) in sixteen U.S.
states (Pruitt 1996). Herkert (2007b) states that habitat loss has been the major
contributing factor to the decline of Henslow’s Sparrows due to their requirement for
undisturbed grasslands. Because of their need for undisturbed grasslands, Henslow’s
Sparrows are highly sensitive to disturbance activities such as mowing, grazing, and other
types of human-caused disturbances (Herkert 2007b). The use of CREP fields by
Henslow’s Sparrows in Kentucky is in agreement with similar results from Illinois where
areas with high CRP enrollment had a stable or increasing population trend for this
species (Herkert 2007a). Since the introduction of the CRP/CREP programs in the range
of Henslow’s Sparrows, the population decline of this species has stabilized (Sauer et al.
2005) indicating that these programs may be helping to slow, or eliminate, the population
decline for this sensitive grassland species. Though Henslow’s Sparrow densities in
CREP plantings in the upper Green River watershed were low (generally one singing
male per field where they occurred), the presence of this species in these fields offers
hope that this program may contribute to their continued survival and population increase
in Kentucky, similar to the population increase found in Illinois.
During the breeding season, fields enrolled in the Green River CREP are assisting
the program in meeting its goal of providing habitat for wildlife by providing better
habitats for a higher diversity of bird species than do fescue-dominated pasture and
hayfields as well as by providing habitats for species of conservation concern. CREP
fields having a much higher abundance of individual birds than pasture/hayfields, a much
higher mean species richness than pasture/hayfields, and a significant abundance of
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generalist and non-generalist grassland bird species supports the importance of these
plantings for grassland bird conservation in south-central Kentucky. Though a couple of
declining grassland bird species (Grasshopper Sparrows and Eastern Meadowlarks) rely
more heavily on pastures and hayfields dominated by short grasses, these field types are
likely to persist in the area and continue to support a similar population of these species
to that which exists today.
As found for the summer breeding season, CREP fields during the winter had a
significantly higher species richness and were more important for individual bird species
than were pasture and hayfields. In addition, the abundance of birds was greatly higher in
CREP than it was in pasture/hayfields. Bird species evenness was lower in CREP fields
than it was in pasture/hayfields, though this may largely be due to the small number of
individuals (six) and species (four) found in pasture/hayfield sites. These results are
highly contrasting to the studies comparing bird use of CRP/CREP and agricultural fields
in the winter by Best et al. (1998) and Blank and Gill (2006). Best et al. (1998) and
Blank and Gill (2006) found no significant difference between agricultural fields and
CRP/CREP plantings in either species richness or density. The disparate results between
this study and those done previously may be influenced by the use of row-crop
agricultural fields rather than pasture/hayfields as comparison sites to CRP/CREP fields.
During the winter 2011 surveys, both Song Sparrows and Swamp Sparrows were found
to occur significantly more often in CREP plantings than pasture/hayfield sites while no
species were found to occur significantly more often in pasture/hayfield sites. Both Song
and Swamp Sparrows are classified as being in a grassland-generalist habitat guild by
Blank and Gill (2006). No species occurring in a grassland-dependent guild were found
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in CREP plantings or pasture/hayfield plantings during these surveys. This is also highly
contrasting to the studies performed by Best et al. (1998) and Blank and Gill (2006)
which found that CRP/CREP plantings were used significantly more by grasslanddependent bird species, such as Savannah Sparrows, than were agricultural fields. With a
larger number of sites and more years of data, a similar trend to Blank and Gill (2006)
where grassland-dependent species occur in CREP plantings may occur in south-central
Kentucky as well. Though not recorded using CREP fields during this study, through
personal observation, a grassland-dependent bird species, the Savannah Sparrow, has
been observed using CREP fields in previous years. Similar to summer surveys, Eastern
Meadowlarks were found using pasture/hayfields but didn’t occur significantly more
often in those fields. It would be interesting to see if, with a larger amount of data, a trend
similar to that found between Eastern Meadowlarks and pasture fields by Klute et al.
(1997) also occurs during the winter.
The Green River CREP program is meeting its goal of providing valuable wildlife
habitat during the winter as well as in the summer by providing habitat for a higher
diversity and a much greater abundance of birds than pasture/hayfields. CREP plantings
provide valuable winter habitat for grassland-generalist species that most agricultural
plantings (including pastures, hayfields, and row-crop agriculture fields) do not.
The summer 2008 analysis on vegetation characteristics of pasture/hayfields and
CREP fields show that pasture/hayfields are considerably more homogeneous in relation
to measured variables than are CREP fields. As shown in the RDA Biplot (Figure 10),
pasture/hayfield sites are tightly clustered while CREP sites are highly scattered and
consist of a wide range of vegetation variables. The results of the RDA analysis of the
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summer 2008 dataset show that canonical axis one explains the majority (38.1%) of the
variance in the bird dataset while canonical axis two explains very little of this variance
(5.1%). Canonical axis one suggests a gradient from taller more heterogeneous grassland
habitat to shorter more homogeneous grassland habitat with an increased occurrence of
bare ground. The percent cover of lodging and litter and the density of stems over 25 cm
and 150 cm are the most influential vegetation parameters in explaining the variance in
the relationship between bird species abundance and vegetation parameters. The four bird
species found significantly more often in CREP fields during the summer (Indigo
Buntings, Common Yellowthroats, Field Sparrows, and Henslow’s Sparrows) are all
strongly positively loaded on axis one. This suggests a positive relationship with percent
cover of lodging and litter, density of stems over 25 and 150 cm, and the highest point of
stems in each plot. The majority of CREP sites are positively loaded on axis one while all
pasture sites are negatively loaded on axis one. This relationship suggests that the more
heterogeneous nature of CREP plantings in height, dead vegetation, and density of stems
at various heights is supporting the more diverse population and greater abundance of
birds in those plantings compared to pasture/hayfields. The negative loading on axis two
of bird species feeding aerially over fields (i.e. swifts and swallows) suggests a negative
relationship with all measured vegetation parameters except the percent cover of lodging
and litter. This relationship is likely arbitrary because aerially feeding species are less
likely to be affected by vegetation structure, it is highly unlikely that these species are
responding to an increase in lodging and litter, and axis two explained a very small
amount of the total variance in the species-environment relationship. Eastern
Meadowlarks seemed to be responding slightly to an increase in bare ground and stems
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over 75 cm though a much larger sample size would be needed to see if this relationship
is actually occurring.
Previous studies have shown CRP/CREP plantings to be highly variable from site
to site and to have a high degree of within plot heterogeneity (Patterson and Best 1996,
Blank and Gill 2006). The vegetation structure of CRP/CREP sites is the major predictor
for bird species richness and abundance as opposed to field type (Patterson and Best
1996). Vertical and horizontal heterogeneity, amount of litter, and coverage of sites by
grasses and forbs are examples of the vegetation structure measurements found to affect
bird community structure in grassland sites (Wiens 1974, Roth 1976). Wiens (1974)
found no or insignificant relationships between heterogeneity of grassland sites and most
avian community measures such as species richness and density. Wiens did find that
individual bird species responded to changes in habitat heterogeneity with species such as
Meadowlarks and Grasshopper Sparrows preferring sites with low heterogeneity. This
supports the trend found in Eastern Meadowlarks by this study where this species showed
a slight negative relationship with vertical vegetation measurements and percent cover of
lodging and litter. Blank and Gill (2006) found that avian density was positively
associated with an increase in vertical density while it was negatively associated with
litter depth. Similarly, we found the most abundant species (Indigo Buntings, Common
Yellowthroats, and Field Sparrows) to be positively correlated with increased vertical
density. There was also a positive correlation between these species and percent cover of
lodging and litter which probably has different implications from litter depth which was
not measured during our surveys. Patterson and Best (1996) and Blank and Gill (2006)
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also found that the presence of forbs and woody vegetation contributed significantly to
species richness by increasing vertical and horizontal heterogeneity within sites.
This study suggests that bird populations using CREP and pasture/hayfields sites
during the summer are responding to habitat heterogeneity both vertically and
horizontally with the vegetation parameters measured accounting for 49% of the total
variation in the bird dataset. There seems to be a well-defined positive relationship with
vertical vegetation heterogeneity and bird diversity in fields. There exists a wide range of
vertical vegetation characteristics between CREP fields and even within CREP fields.
The highly heterogeneous nature of CREP sites contributes toward a high species
richness of birds using CREP fields by increasing the vertical as well as horizontal
(through patchiness) habitat available for different bird species. Pasture/hayfields on the
other hand are fairly homogeneous in nature and are generally very similar within fields
as well as between fields. This low degree of vertical and horizontal heterogeneity
contributes to the low diversity of bird species using these fields but also contributes to
the use of these fields by specialized groups of birds which require fields with low
heterogeneity in which to nest and feed. This study didn’t examine in depth the effects of
horizontal heterogeneity on bird community composition in CREP and pasture/hayfields.
The two characteristics of horizontal heterogeneity examined during this study were the
percent cover of bare ground and the percent cover of lodging and litter. A positive
relationship was found between the cover of lodging and litter and the use of fields by the
most abundant birds and those found significantly more often in CREP fields.
Alternatively, there was a negative relationship with bare ground and the occurrence of
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all bird species except Eastern Meadowlarks, which had a slight positive relationship to
the percent cover of bare ground.
For the summer 2008 dataset, the most important vegetation parameters affecting
bird diversity and species occurrences were the percent cover of lodging and litter and the
density of stems over 25 cm and 150 cm. None of the above mentioned parameters were
found to significantly affect bird use of CREP and pasture/hayfields for the winter 2011
dataset. The results of the linear regressions show that the height of the highest stem in
each plot and the density of stems over 75 cm were the vegetation parameters
significantly impacting winter bird diversity and occurrence in fields. The abundance of
the three bird species occurring most often in CREP fields, Song Sparrows, Swamp
Sparrows, and Field Sparrows, were all positively correlated with the highest point of
each plot. Song Sparrows and Swamp Sparrows were also significantly positively
correlated with the density of stems over 75 cm while Field Sparrows were not.
The presence of sparrows in CREP fields and their general absence from
pasture/hayfields may be explained by a lack of seed crop as well as cover. CREP fields
have been found to contain an abundance of seeds (Klute et al. 1997) while mowed
fescue fields will generally have very little seed on which sparrows can feed. CREP fields
also provide good cover for birds to use as roosts and to escape predators. Pastures
provide little to no cover for birds due to the extremely short nature of these fields during
the winter. The only pasture/hayfield site which possessed sparrows and one Short-eared
Owl was one which had not been mowed for a couple of years and contained a
considerable amount of tall grasses and woody vegetation as well as a thick layer of litter.
Other factors which influence sparrow use of fields in the winter include the presence of
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a thick layer of litter. Thick litter has been shown to decrease the amount of standing
grasses and forbs and thereby causing a decrease in the abundance of seeds and a decline
in the quality of the field as cover for birds (Best et al. 1998). CREP fields are also able
to serve as a valuable feeding site for birds in areas with high amounts of snowfall.
Relatively little snowfall is able to cover most agricultural fields and render them useless
as sources of food for wintering birds while CREP fields contain tall grasses and forbs
which retain seed on which birds can forage. The influence of snowfall on wintering bird
populations in south-central Kentucky is likely to be low due to the low occurrence and
amount of snowfall (generally less than two inches).
Sparrows may likely be responding to the highest point of vegetation and the
density of medium height stems because of the relation these variables have to food
availability and the quality of fields as cover. The abundance of stems over 75 cm reflects
an abundance of grasses which possess seeds on which sparrows can forage. An
abundance of stems at this height as well as the highest point in plots reflects the
suitability of these sites for cover. The relatively tall vegetation in CREP fields and the
density of this tall vegetation allows for sparrows to more easily hide from predators
making these sites good areas in which to roost and feed. Alternatively, pasture/hayfield
sites in the winter consist of extremely short grass which provides almost no cover and
probably very little seed abundance compared to CREP fields. Pasture/hayfield sites will
also be more likely to be covered during snowfall events while CREP fields will not.
Though not examined in this study, it would be interesting to look at the size and
shape of CREP plantings on grassland birds in south-central Kentucky. Blank and Gill
(2006) found that wide CRP planting strips had a higher species richness and higher
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density of grassland-dependent bird species than did narrow strips in both summer and
winter. Previous studies have found that area of grassland fragments has a significant
impact on avian use of those fragments (Helzer and Jelinski 1999). Helzer and Jelinski
(1999) found that patch area, as well as the ratio of area to perimeter significantly impact
species richness occurring in grassland fragments. Long, thin sections of grassland
habitat are much less important in providing habitat for grassland bird species than are
large, wide areas. Large areas provide habitat for a larger number of individuals and help
to reduce the impacts of edge effects which include a higher susceptibility to nest
predation and nest parasitism by Brown-headed Cowbirds (Molothrus ater).
This study shows that the upper Green River CREP is contributing greatly to
grassland bird populations in south-central Kentucky by providing habitat for a wide
range of grassland-generalist, early successional, and grassland-dependent bird species in
both summer and winter. CREP fields are providing habitat through increased vertical
and horizontal heterogeneity for nesting bird species. Winter bird species are able to
benefit from CREP fields through the abundance of food and quality of CREP fields as
cover for birds. Breeding species seem to be responding to the heterogeneity of
vegetation characteristics while wintering species are responding to the density of tall
vegetation and the overall height found within fields. It would be beneficial for grassland
birds to continue management of these fields by regular burning or mowing to decrease
the amount of litter in fields and to keep them from succeeding into forest and remain
valuable as habitat for sensitive and declining species such as Henslow’s Sparrows. It
may also be beneficial to reopen land for enrollment in the upper Green River CREP or to
expand the program area so that more land may be enrolled, increasing the area of
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valuable habitat for grassland birds. Increasing the size of CREP fields and avoiding
long, thin CREP fields will also help to alleviate the impacts of edge effects and increase
the quality of this habitat for Henslow’s Sparrows and other declining grassland bird
species. Future studies will be important in examining the effects of CREP in Kentucky
at a larger scale and the influence Kentucky CREP has on grassland bird population
changes, both regionally and globally.
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APPENDIX 1: Tables and Figures
Table 1. Species occurring in CREP fields for the summer 2008 surveys. Only species
found within fields or feeding over the fields were included.
CREP Summer
Northern Bobwhite
Mourning Dove
Chimney Swift
Purple Martin
Northern Rough-winged Swallow
Barn Swallow
Common Yellowthroat
Yellow-breasted Chat
Field Sparrow
Grasshopper Sparrow
Henslow's Sparrow
Northern Cardinal
Indigo Bunting
Dickcissel
Red-winged Blackbird
Eastern Meadowlark
American Goldfinch

Column1
Colinus virginianus
Zenaida macroura
Chaetura pelagica
Progne subis
Stelgidopteryx serripennis
Hirundo rustica
Geothlypis trichas
Icteria virens
Spizella pusilla
Ammodramus savannarum
Ammodramus henslowi
Cardinalis cardinalis
Passerina cyanea
Spiza americana
Agelaius phoeniceus
Sturnella magna
Spinus tristis

Table 2. Species occurring in pasture/hay fields for the summer 2008 surveys. Only
species found within fields or feeding over the fields were included.
Pasture/hayfield Summer
Mourning Dove

Zenaida macroura

Chimney Swift

Chaetura pelagica

Purple Martin

Progne subis

Northern Rough-winged Swallow

Stelgidopteryx serripennis

Barn Swallow

Hirundo rustica

Common Yellowthroat

Geothlypis trichas

Grasshopper Sparrow

Ammodramus savannarum

Red-winged Blackbird

Agelaius phoeniceus

Eastern Meadowlark

Sturnella magna
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Table 3. Species occurring in CREP fields for the winter 2011 surveys. Only species
found within fields or feeding over the fields were included.
CREP WinterColumn1
American Tree Sparrow
Field Sparrow
Song Sparrow
Swamp Sparrow
White-crowned Sparrow

Column2
Spizella arborea
Spizella pusilla
Melospiza melodia
Melospiza georgiana
Zonotrichia leucophrys

Table 4. Species occurring in Pasture/hayfields for the winter 2011 surveys. Only species
found within fields or feeding over the fields were included.
Pasture/hayfield Winter
Short-eared Owl

Asio flammeus

Field Sparrow

Spizella pusilla

Swamp Sparrow

Melospiza georgiana

Eastern Meadowlark

Sturnella magna
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Figure 1. Map of original and expanded Kentucky Green River CREP boundaries.
Map taken from Kentucky Division of Conservation 2010.
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Figure 2. Box and whisker plot of Common Yell
Yellowthroat
owthroat abundance in CREP and
pasture/hayfield sites for ssummer 2008.
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Figure 3. Box and whisker plot of Field Sparrow abundance in CREP and
pasture/hayfield sites for ssummer 2008.
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Figure 4. Box and whisker plot of Indigo Bunting abundance in CREP and
pasture/hayfield sites for ssummer 2008.
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Figure 5. Box and whisker plot of Henslow’s Sparrow abundance in CREP and
pasture/hayfield sites for ssummer 2008.
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Figure 6. Box and whisker plot of Song Sparrow abundance in CREP and
pasture/hayfield sites for winter 2011.
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Figure 7. Box and whisker plot of Swamp Sparrow abundance in CREP and
pasture/hayfield sites for winter 2011.
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Figure 8. Mean species richness for CREP (C) and pasture/hayfields (P) for the summer
2008 and winter 2011 surveys.
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Figure 9. Total abundance of birds for CREP (C) and pasture/hayfields (P) for the
summer 2008 and winter 2011 surveys.
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Figure 10. RDA biplot
iplot of summer 2008 CREP and pasture/hayfield sites, bird species,
and vegetation parameters. Closed circles represent CREP sites and open circles represent
pasture/hayfield
field sites. Bird species abbreviations: AMGO=American Goldfinch, BASWBASW
Barn Swallow, CHSW=Chimney Swift, COYE=Common Yellowthroat, EAME=Eastern
43

Meadowlark, FISP=Field Sparrow, HESP=Henslow’s Sparrow, INBU=Indigo Bunting,
PUMA=Purple Martin, REBL=Red-winged Blackbird. Vegetation parameter
abbreviations: BG=% cover of bareground, LL=% cover of lodging and litter, 25=density
of stems over 25 cm, 75=density of stems over 75 cm, 150=density of stems over 150 cm,
HP=height of highest stem in each plot.
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Figure 11. Scatterplot and regression line of Song Sparrow abundance related to the
height of the highest stem in each plot.
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Figure 12. Scatterplot and regression line of Swamp Sparrow abundance related to the
height of the highest stem in each plot.
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Figure 13. Scatterplot and regression line of Field Sparrow abundance related to the
height of the highest stem in each plot.
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Figure 14. Scatterplot and regression line of Song Sparrow abundance related to the
density of stems over 75 cm in each plot.
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Figure 15. Scatterplot and regression line of Swamp Sparrow abundance related to the
density of stems over 75 cm in each plot.
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Figure 16. Bird species evenness for CREP (C) and pasture/hayfield (P) sites for the
summer 2008 surveys and winter 2011 surveys.
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APPENDIX 2: Raw Data
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